The objective of this systematic review and meta-analysis was to evaluate the effectiveness of peers to deliver programs or encourage older people to be physically active and improve physical outcomes. Peer reviewed articles published in English between January 1976 and June 2016, retrieved from six databases according to the predefined inclusion criteria were included. Where possible results were pooled and meta-analyses conducted. Eighteen articles were included in the review, a total of 3,492 intervention participants, average age 66.5 years and 67.1% were female. Overall, study quality was medium to high. Interventions mainly included resistance, flexibility and cardiovascular training, however there was one aquatic exercise group. Eight studies were delivered by peers and five utilised peer support, which included advice and being positive but was not directly linked to an exercise intervention.
Effectiveness of peers in delivering programs or motivating older people to increase their participation in physical activity: Systematic review and meta-analysis Introduction
Being physically active at any age has many health benefits across the physical, mental or social domains (Warburton, Nicol, & Bredin, 2006) . As people age there is a tendency to reduce the amount of exercise they undertake each year (Australian Bureau of Statistics, 2011 Statistics, -2012 , and this can lead to decreases in physical parameters such as strength, balance and endurance, which may lead to decline in the ability to maintain independence in activities of daily living and also to maintain living independently without assistance. Being physically active usually requires the older person to leave their home to perhaps go for a walk, meet friends at an exercise class or go to the park with their grandchildren and play games. The social interaction associated with physical activity conducted in groups or with others is also important for older people, as it can provide purpose and avoid social isolation, which may lead to mental health issues (Pate, 2014) .
Many governments around the world have produced Physical Activity Guidelines for children, adults and older adults. For older adults, the World Health Organisation recommends at least 150 minutes of moderate-intensity aerobic activity or 75 minutes of vigorous aerobic activity a week, as well as three sessions of balance activities and two or more of muscle strength activities a week (World Health Organisation, 2011 ). Yet, few older people are meeting these minimum targets. A recent Australian national-representative sample study found only 5.5% of those aged 50 and over were meeting the recommended Some of the main barriers to being physically active reported by older people are pain, injury or illness (Baert et al., 2011; Burton et al., 2016) , but older people also report social barriers (Hill et al., 2011) . These include having no one to exercise with, being unsure what to do, not knowing anyone doing any exercise, wanting to feel safe when exercising and the cost is also often prohibitive (Baert et al., 2011; Burton et al., 2016; Hill et al., 2011) .
The majority of physical activity, fitness or exercise programs are run by health professionals or those with formal qualifications. These people are mostly young and many target their programs towards younger or middle aged adults with few older adults being catered for specifically. The cost of these sessions, whether individual or group, also makes it difficult for some retired people to justify the expense even if they know they will benefit from participating (Bopp, Wilcox, Oberrecht, Kammermann, & McElmurray, 2004; Keogh, Rice, Taylor, & Kilding, 2014) . It may be a mix of many factors, such as a lack of older health professionals conducting classes, fitness or activity facilities catering for younger people (e.g. loud music) and the cost that deters older people from attending. Hence, research interventions have started exploring the effectiveness of training peers to promote physical activity and assist in increasing the number of older adults being active.
Peer led programs are those delivered by peers after receiving training, and peer support programs include peers providing motivation, empathy and understanding to the participant rather than delivering the program. It has been suggested that three elements define a peer (Doull, O'Connor, Welch, Tugwell, & Wells, 2005; Simoni, Franks, Lehavot, & Yard, 2011) . Firstly, peers have similar characteristics in common with the target group such as age, even though other characteristics may differ -for example gender, cultures, education or religion (Simoni et al., 2011) . Additional aspects that may differentiate successful from non-successful peer programs include the peers being valued by management or the host organisation and that the peer led role is an integral part of the program/intervention being tested. Peers are also generally trained to deliver specific interventions rather than go outside the parameters, such as individualising exercise programs for clients. This is due to their often limited formal education within the area, such as health or exercise (Simoni et al., 2011) . Peers often have an enhanced capacity to share, relate and empathise with their target group in a way that non-peers are often not able to (Doull et al., 2005) .
Using peers may provide an opportunity for older people to be trained in delivering a program which builds their knowledge and skills possibly in a new area, for example in engaging in falls prevention (Khong, Bulsara, Hill, & Hill, 2016) or delivering exercise programs. To the authors' knowledge no systematic reviews identifying the effectiveness of using peers to encourage older people to be more physically active have been published.
Therefore, the aim of this systematic review was to determine the effectiveness of peer led or peer support programs aimed at encouraging older people to be physically active and improve physical outcomes.
Methods

Eligibility criteria
Studies meeting the following criteria were included in the review:
 Population: older adults (over 60 years, minimum 50% sample population to ensure the interventions are aimed at older people) 
Study selection
Study selection took three stages; stage 1 involved one author (KF) scanning titles and excluding those not meeting inclusion criteria, during stage 2 KF screened all abstracts again excluding studies that did not meet the inclusion criteria, and stage 3 involved two authors (KF and EB) reading full articles to confirm final papers that met all criteria.
Where disagreement occurred between the two authors discussions were held and a consensus reached by referring back to the inclusion criteria. To ensure methodology and results were collected and reported systematically, the PRISMA statement for reporting systematic reviews and meta-analyses was used (Liberati et al., 2009 ).
Data collection process
Data were extracted from the included studies for each of the following variables: design, aims, country, intervention, participant characteristics (sample size, age, sex), measures used, results (outcomes), exercise adherence. Information about the peer mentoring, including training and tasks, were also recorded where available. Data extraction forms were created by EB and the data were extracted independently by KF, with EB conducting data checks prior to study quality being determined, in accordance with the PRISMA-P guidelines (Shamseer et al., 2015) . Authors of the original papers were not contacted for additional or missing data due to time constraints.
Study quality
The Cochrane Collaborative tool (Higgins et al., 2011) for assessing "risk of bias" was used by two authors (EB, KF) independently to determine study quality of all RCTs. The tool assesses seven different areas of potential bias including sequence generation, allocation concealment, participant and staff blinding, outcome assessor blinding, incomplete outcome data, selective outcome reporting and other sources of bias (Higgins et al., 2011) . Risk of bias was assessed as low, medium or high (Higgins et al., 2011) .
Quantitative studies that were not randomised trials, and qualitative studies were assessed for quality by two authors (EB, KF) individually using the Standard Quality Assessment Criteria for Evaluating Primary Research Papers from a variety of Fields (Kmet, Lee, & Cook, 2004) . This pragmatic tool uses 14 criteria to determine the quality of quantitative studies and 10 criteria for qualitative studies. Assessment options for each question included "yes", "no" and "not applicable". Summary scores for each study were calculated using the sum of ratings divided by the maximum scores of applicable data (Kmet et al., 2004) . A third assessor, outside the study authors (Eileen Boyle) was also used where consensus was not reached.
Data analysis
Data from the articles included in the meta-analysis (i.e. means, standard deviations, standard error) were extracted from the original articles by EB and checked by KF. Where two or more studies collected similar outcome data a meta-analysis was conducted. Where papers did not report post-intervention data such as means or standard deviations they were not included in the meta-analyses. heterogeneity. The continuous outcomes were subjected to meta-analysis using the randomeffects inverse variance DerSimonian and Laird method (DerSimonian & Laird, 1986) . A random-effects model was used because it could not be assumed that each study was estimating the exact same quantity (Higgins & Green, 2011) . A p-value of less than 0.05 was considered statistically significant.
Results
Study selection
Figure 1 presents the study selection process. At the conclusion of all of the database searches 20,093 citations were generated. After removing duplicates from each individual database, 8,600 remained. Studies were screened against the inclusion criteria initially by title, then abstract and finally by full-text. Eighteen papers were judged to have met the inclusion criteria.
Insert Figure 1 here
Of the 18 papers accepted, 11 came from the USA, two from the United Kingdom and one from Australia, New Zealand, Malaysia, China and Canada. The included studies used a range of methodologies: six RCTs (Buman et al., 2011; Dorgo, King, Bader, & Limon, 2011; Dorgo, King, & Brickey, 2009; Iliffe et al., 2014; Sazlina, Browning, & Yasin, 2015; Wong et al., 2014) , four quasi-experimental studies (Barker et al., 2016; Dorgo, King, Bader, & Limon, 2013; Waters, Hale, Robertson, Hale, & Herbison, 2011) , three pre-and post-test evaluations (Hickey et al., 1996; Hickey, Wolf, Robins, Wagner, & Harik, 1995; Modra & Black, 1999; Werner, Teufel, & Brown, 2014) , two longitudinal (Clark et al., 2012; Dorgo, Robinson, & Bader, 2009) , two descriptive evaluations (Grove & Spier, 1999; Hammerback, Felias-Christensen, & Phelan, 2012) , and one 2 x 2 factorial study (Thomas et al., 2012) .
Study participants
The 18 studies reviewed included 3,492 older people who participated in an intervention, sample sizes ranged from 14 to 1,256 participants. The average age of intervention participants was 66.5 years and 67.1% were female. Eight studies reported the number of peers involved and these ranged from one through to 36; average age 68.8 years, 46% were female. Table 2 presents the peer led study characteristics including aim, demographics, measures used, outcomes and findings, and Table 3 reports the peer support study characteristics.
Thirteen studies utilised peer led interventions which meant the peers were delivering the exercise classes to the participants (Barker et al., 2016; Buman et al., 2011; Dorgo et al., 2011 Dorgo et al., , 2013 Dorgo, King, et al., 2009; Dorgo, Robinson, et al., 2009; Hammerback et al., 2012; Modra & Black, 1999; Waters et al., 2011; Werner et al., 2014) , although three of those started with nurses leading the exercises and after six weeks the peer leaders took over (Grove & Spier, 1999; Hickey et al., 1996; Hickey et al., 1995) . Peer support involved health professionals conducting the intervention and peers providing support alongside the health professional. Five studies included peer support which was usually over the phone or face-to-face and involved providing advice and encouragement (Clark et al., 2012; Iliffe et al., 2014; Sazlina et al., 2015; Thomas et al., 2012; Wong et al., 2014) .
Insert Tables 2 and 3 here
Intervention
The interventions differed greatly across the 18 studies. Tables 2 and 3 Twelve of the 18 included studies in this review described the method of training provided to peers, with the other third providing no details (Barker et al., 2016; Grove & Spier, 1999; Hammerback et al., 2012; Hickey et al., 1995; Thomas et al., 2012) . For those that did describe peer training, it ranged from describing how to complete exercises correctly and conducting a warm-up and cool-down during the walking test of the baseline assessment (Modra & Black, 1999) to 30-weeks of peer training (Dorgo et al., 2011 (Dorgo et al., , 2013 Dorgo, King, et al., 2009; Dorgo, Robinson, et al., 2009 ). The 30-week peer training included peers attending three physical activity sessions per week to improve their fitness levels. The first 14 weeks also included sessions on exercise and training techniques for older people (e.g. cardiovascular fitness, muscle strength) and weeks 15-30 included an additional emphasis on peer-mentoring which involved participating in educational sessions on ageing, health, fitness and mentoring (Dorgo et al., 2011 (Dorgo et al., , 2013 Dorgo, King, et al., 2009; Dorgo, Robinson, et al., 2009 ). Most of the other peer training sessions included instruction on delivering exercises, how to be a mentor, safety aspects of delivering exercise programs, and methods of communication. Six studies used role-play during their peer training (Dorgo et al., 2011 (Dorgo et al., , 2013 Dorgo, King, et al., 2009; Dorgo, Robinson, et al., 2009; Werner et al., 2014; Wong et al., 2014) and Hickey and colleagues (1996; 1995) individualised their training to suit the peers (no further information provided).
Adherence and withdrawal rates
Barker and colleagues (2016) Chronic Obstructive Pulmonary Disease (COPD). Adherence to the intervention was not described in the other studies. There was little difference between the intervention and control groups for withdrawal rates for all of the included studies (intervention: 22.6%, control: 20.6%) with over three quarters of both groups completing post-outcome assessments. When comparing peer led studies with control groups the participation rates were 76.8% and 80.7% respectively, whereas the participations rates for the peer support were 79.2% for the intervention participants and 79.3% for the control groups.
Study outcomes
Two studies (Hammerback et al., 2012; Wong et al., 2014) did not consider their interventions to be successful enough to recommend translation into practice. Hammerback and colleagues suggested they had to spend too much time and money recruiting both peers and participants for the intervention to be considered viable, and Wong et al (2014) concluded peer support over the phone was no more successful than usual care in improving health outcomes for people living with COPD. The other 16 studies all reported improvements in either levels of physical activity or physical function. Buman and colleagues suggested trained peers may enhance long-term maintenance, and similarly, another study appeared sustainable because their intervention was continuing three years after the study was completed (Hickey et al., 1996) .
Six studies (Dorgo et al., 2011 (Dorgo et al., , 2013 Dorgo, King, et al., 2009; Dorgo, Robinson, et al., 2009; Hickey et al., 1996; Modra & Black, 1999) suggested their peer led interventions may be as effective as those run by health professionals, and as such, may also be cost-effective. However, only one study commented on the cost of the intervention (FAME: Falls Management Exercise program) compared to the peer led or usual care programs, and they found the peer led intervention to be cost effective compared to the main intervention: FAME (Iliffe et al., 2014) . (2014) had low risk except for blinding (participants and outcome assessors) where it was deemed to be unclear. No study had high risk of bias, however all other RCTs had at least one area of unclear risk of bias, most notably sequence generation, allocation concealment and blinding, due to lack of information within the paper. Overall, most of the RCTs were rated as medium quality studies.
Quality of studies
The Standard Quality Assessment Criteria for Evaluating Primary Research Papers was utilised for the additional 10 included studies and the quality scores are presented in Table 5 (on-line supplementary only). Scores ranged from 55-100% quality, with an average of 80.5% across the 10 studies. Overall the quality of the studies was medium to high.
Meta-analysis
There were only two measures that were reported in two or more studies with available data suitable for meta-analyses. The 6 minute walk test (6MWT) was utilised by Dorgo et al., by Dorgo et al. (2011 ), Dorgo, King, et al. (2009 ) and Iliffe, et al (2014 . The peer led and peer supported interventions were analysed within the same meta-analyses because both were aimed at improving health and physical activity outcomes and included physical activity interventions that were either delivered face to face or via motivating over the phone. 
Discussion
Much research has explored interventions that promote older adults becoming more physically active, yet the prevalence of older people meeting physical activity guidelines remains low (Brownie, 2005; Keadle, McKinnon, Graubard, & Troiano, 2016) . This systematic review has found that in the late 1990s there was some interest in using peers to deliver or support the uptake of physical activity by older people (Grove & Spier, 1999; Hickey et al., 1996; Hickey et al., 1995; Modra & Black, 1999) and again more recently (Barker et al., 2016; Buman et al., 2011; Clark et al., 2012; Dorgo et al., 2011 Dorgo et al., , 2013 Dorgo, King, et al., 2009; Dorgo, Robinson, et al., 2009; Hammerback et al., 2012; Iliffe et al., 2014; Sazlina et al., 2015; Thomas et al., 2012; Waters et al., 2011; Werner et al., 2014; Wong et al., 2014) .
The papers included in this systematic review have reported that peer led or peer supported programs may be as effective in maintaining participation of older adults in exercise programs as those using health professionals. However, the meta-analyses data did not confirm these findings. It must be noted however that the meta-analyses did not include many studies or variables as there was a broad range of measurement outcomes used and therefore should be used with caution. Two studies did not deem the intervention to be appropriate for translating into practice (Hammerback et al., 2012; Wong et al., 2014) , firstly because the authors proposed recruitment of both the peers and participants was too difficult (targeting disadvantaged older people) and Wong et al. (2014) concluded using peer support over the phone was not as successful as face-to-face or a combination of both.
Adverse events were rarely reported and the retention rates using peers were consistently above 75% for most studies, with some reporting retention rates of 90% and above, demonstrating peer led programs can be as successful in retaining participants as those led by health professionals. When comparing to studies aimed at increasing physical activity participation for older people not including a peer, the adherence rates in the included studies are as high or higher (>75%) than other studies reported (42.6-86%) (Garmendia et al., 2013; Picorelli, Pereira, Pereira, Felıcio, & Sherrington, 2014) . Picorelli and colleagues in their systematic review reported adherence rates for older people to be higher when physical activity programs were supervised and using peers may be an affordable option for maintaining activity programs that are 'supervised,' because cost is often reported as a barrier to older people participating in activity programs (Bopp et al., 2004; Keogh et al., 2014) .
The peers in the Modra and Black (1999) study started a walking group which included walking 4-5 times a week for approximately 30-60 minutes, which was in addition to the actual intervention. This showed initiative that may not normally occur during intervention studies not including peers, and provides evidence that being social during physical activity sessions is important to older people. These findings are supported by a number of studies that have found older people like the social aspects when participating in physical activity, often being one of the main reasons along with improving health status as to why they participate (Baert et al., 2011; Burton et al., 2016) .
Interventions that used education (i.e. advice and support) to promote an increase in physical activity, without being linked to an exercise program were also trialled to improve adherence and physical outcomes for older people. It is unclear whether these interventions are more effective than those directly delivering exercise interventions to improve physical function and more research is required to determine their effectiveness. Nevertheless, they were successful for continuing adherence to the intervention. Also of note was that the Sazlina et al., (2015) and Wong et al., (2014) studies both recruited peers who had previously completed the program (intervention) and were only needing to be trained to provide peer support and would work alongside health professionals. It might be expected that these peers could empathise with the participants and provide strong support to the health professionals to include additional benefit, which may be a reason contributing to the intervention groups adhering to the exercise program as much (or more) than the controls to usual care. Other studies have used peer support and also found having peers who relate to the topic due to similar experiences and work as a positive role model were beneficial 
Strengths and limitations
The rigorous approach utilised to conduct the systematic review was a strength of the study.
This included using two different tools to determine the quality of the articles included in the review. Overall the methodological quality of studies was medium to high. A limitation of the review approach was that only one author (KF) conducted the initial search of titles and abstracts and extracted the original data which was then checked against each included publication by EB, therefore there may be a risk of selection bias. A limitation of the studies included in the review was that almost 90% of the participants were from predominantly English speaking countries, with almost two-thirds coming from the USA. Only two studies were from Asia (Malaysia and China) and none from mainland Europe, Africa or South America. Therefore, the generalisability of using peers to promote physical activity may not be as applicable in these different environments and cultural settings that are currently missing in the literature. Publication bias was not able to be calculated due to fewer than 10
RCT studies in the meta-analyses being available (Higgins & Green, 2011) . Language bias may have also occurred because only studies published in English were included. Although the search was extensive in time period and across six databases there is always the chance that a paper may not have been included, however every effort was made to include all articles meeting the inclusion criteria. It must also be noted that the study search was completed in June 2016, therefore there may be additional studies published since then.
Grey literature was also not searched which may have broadened the number of studies included. However, given challenges of accessing grey literature that are often not accessible electronically and possible inconsistencies in quality it was determined to restrict the search to peer-reviewed publications. The 18 studies included in the review presented results in various ways using different methodologies and measures, which made it difficult to conduct meaningful meta-analyses to determine effectiveness across the studies. Due to the peer-led and peer-supported interventions both being aimed at improving health and physical activity outcomes we felt these were appropriate to combine into the one meta-analysis to provide some data on the effectiveness of peers to encourage physical activity for older people.
However, caution must be taken when interpreting the results. There is a definite need for further adequately powered studies using similar measures to strengthen the interpretation of the results of this review, including cost-effectiveness studies.
Conclusion
This systematic review is the first to look at the effectiveness of using peers to promote physical activity and improve physical outcomes for older people. Older people who are physically active can promote and deliver physical activity interventions safely and achieve high adherence to the program over the long term. There is also some evidence that their Economic evaluation including participant and NHS costs was embedded in the clinical trial.
12 months: MVPA (>150 min/week) increased baseline to 12 months after intervention: FaME 40 to 49% (~15min extra), OEP 41 to 43%, UC 37.5 to 38%). Sig diff b/w FaME and UC. Sig reduction in falls rate for FaME compared to UC. PASE: sig benefit for FaME compared to UC also perceptions of benefits from exercise. Balance confidence sig improved in FaME and OEP compared to UC. Participants in FaME/OEP were more positive about exercise at follow-up. No changes in health/wellbeing. FaME is more expensive than OEP delivered with PMs. Sig main effect for time for total SGRQ scores and 6MWT, no b/w group differences. 6MWT distance improved pre to post, but sig decline from post to 6 months (6 months still sig greater than pretest).
Note. PA = physical activity, PASE = physical activity scale for the elderly, FaME = Falls Management Exercise program, OEP = Otago Exercise Programs, PM = peer mentors, NHS = National Health Service, PF = personalised feedback, PS = peers support, CG= control group, BP = blood pressure, MET = Metabolic Equivalent, RCT = randomised controlled trial, PR = pulmonary rehabilitation, UC = usual care, RT = Respiratory Therapist, IPAQ = International Physical Activity Questionnaires. 
